Importance of Loop L1 Dynamics for Substrate Capture and Catalysis in Pseudomonas aeruginosa d-Arginine Dehydrogenase.
Mobile loops located at the active site entrance in enzymes often participate in conformational changes required to shield the reaction from bulk solvent, to control the access of the substrate to the active site, and to position residues for substrate binding and catalysis. In d-arginine dehydrogenase from Pseudomonas aeruginosa (PaDADH), previous crystallographic data suggested that residues 45-47 in the FAD-binding domain and residues 50-56 in the substrate-binding domain in loop L1 could adopt two distinct conformations. In this study, we have used molecular dynamics, kinetics, and fluorescence spectroscopy on the S45A and A46G enzyme variants of PaDADH to investigate the impact of mutations in loop L1 on the catalytic function of the enzyme. Molecular dynamics showed that the mutant enzymes have probabilities of being in open conformations that are higher than that of wild-type PaDADH of loop L1, yielding an increased level of solvent exposure of the active site. In agreement, the flavin fluorescence intensity was ∼2-fold higher in the S45A and A46G enzymes than in wild-type PaDADH, with a 9 nm bathochromic shift of the emission band. In the variant enzymes, the kcat/Km values with d-arginine were ∼13-fold lower than in wild-type PaDADH. Moreover, the pH profiles for the kcat value with d-arginine showed a hollow, consistent with restricted proton movements in catalysis, and no saturation was achieved with the alternate substrate d-leucine in the reductive half-reaction of the variant enzymes. Taken together, the computational and experimental data are consistent with the dynamics of loop L1 being important for substrate capture and catalysis in PaDADH.